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Description 
Lubricating Oil Composition 

[Technical Field] 

This invention relates to lubricating oil 
compositions and more particularly to those which have 
excellent anti-wear properties and a long fatigue life, 
suitable for transmissions for automobiles. 
[Background Art] 

An automatic transmission for automobiles 
comprises a torque converter, a planetary gear unit, 
bearings, a wet clutch, and a hydraulic control unit 
controlling these components. However, in recent 
years, automatic transmissions have been susceptible 
to more sever load than ever due to the progresses of 
the development of high-powered engines and of the 
downsizing of automatic transmissions. Lubricating 
oils to be filled into such transmissions, i.e., 
transmission oils are required to have excellent 
extreme pressure properties and anti-wear properties 
while maintaining a high lubricity and a long fatigue 
life which is an ability to prevent pitching or flaking 
(defects at the lubricated surface because of being 
damaged) in bearings and gears for a long period of time. 

In order to meet such requirements, it is known 
that for example lubricating oils such as automotive 
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transmission oils are blended with sulfur- or 
phosphorus -ba sed additives having excellent extreme 
pressure properties and anti-wear properties. While 
sulfur-based additives are excellent in extreme 
pressure properties, they can not avoid wears caused 
by corrosion and abrasion due to their strong activity 
to metal surfaces, leading to a problem when they are 
used alone. On the other hand, phosphorus-based 
additives are less in wear caused by corrosion and 
abrasion due to their weaker activity to metal surfaces, 
than the sulfur-based additives but often have problems 
due to the lack of extreme pressure properties to avoid 
pitching or flaking when they are used alone in 
automatic transmissions where extreme pressure 
properties are required to exhibited under severe 
condi t ions . 

In view of the foregoing circumstances, the object 
of the present invention is to provide a lubricating 
oil composition, particularly suitable as an 
automotive transmission oil, which is excellent in 
anti-wear properties and capable of inhibiting 
pitching, resulting in an improved fatigue life. 
[Disclosures of the Invention] 

After an extensive research and study, it was 
found that the use of the combination of specific 
boron-containing ashless dispersants, alkaline earth 
metal-based detergents, and sulfur-based additives 
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enables to produce a lubricating oil composition which 
is improved in anti-wear properties and capable of 
preventing pitching, resulting in an improved fatigue 
lif e . 

That is, according to the present invention, there 
is provided a lubricating oil composition which 
comprises a lubricating base oil, (A) a 
boron-containing ashless dispersant in an amount of 
0.004 to 0.05 percent by mass in terms of boron, based 
on the total mass of the composition, (B) an alkaline 
earth metal-based detergent with a base number of 0 to 
500 mgKOH/g in an amount of 0.01 percent by mass or more 
in terms of an alkaline earth metal, based on the total 
mass of the composition, and (C) a sulfur-based 
additive in an amount of 0.01 to 0.3 percent by mass 
in terms of sulfur, based on the total mass of the 
compos it ion . 

In the present invention, Component (A) is 
preferably a succinimide modified with a boron 
compound . 

Component (B) is preferably an alkaline earth 
metal calcium or an alkaline earth metal magnesium. 

Component (B) is preferably sulfonate or 
salicylate . 

Component (C) is preferably at least one compound 
selected from the group consisting of (C-l) thiazole 
compounds, (C-2) thiadiazole compounds, (C-3) 



-3- 



di thiocarbama t e compounds, (C-4) molybdenum 
di thiocarbamat e compounds, (C-5) 

dihydrocarbylpoly sul f ide compounds, and (C-6) 
sulfurized ester compounds. 

The lubricating oil composition is preferably 
used in transmissions for automobiles. 

The present invention will be described below in 
more detail . 

(1) Lubricating base oil 

Lubricating base oils used in the present 
invention may be any mineral base oils and/or synthetic 
base oils which have conventionally been used as base 
oils for lubricating oils. 

Examples of such mineral base oil include 
paraffinic or naphthenic oils which can be obtained by 
subjecting a lubricating oil fraction produced by 
atmospheric- or vacuum-distilling a crude oil, to any 
one or more refining processes selected from solvent 
deasphalt ing, solvent extraction, hydrocr acking , 
solvent dewaxing, catalytic dewaxing, hydr or e f ining , 
washing with sulfuric acid, and clay treatment; and 
n-paraffines . 

No particular limitation is imposed on synthetic 
oils. However, examples of synthetic base oils include 
poly- a -olefins such as 1-octene oligomer, 1-decene 
oligomer, and ethylene-propylene oligomer, and 
hydrides thereof; isobutene oligomer and hydrides 
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thereof; isoparaf fines; alkylbenzenes; 
alkylnaphthalenes; diesters such as ditridecyl 
glutarate, di-2-ethylhexyl adipate, diisodecyl 
adipate, ditridecyl adipate, and di-2-ethylhexyl 
cebacate; polyol esters such as trimethylolpropane 
caprylate, trimethylolpropane pelargonate, 
pentaerythritol-2-ethyl hexanoate, and 

pent aerythr i tol pelargonate; po 1 y oxya 1 ky 1 ene glycols; 
dial kyldipheny 1 ethers; and polyphenyl ethers. 

No particular limitation is imposed on the 
kinematic viscosity of the lubricating base oil. 
However, the kinematic viscosity at 100 °C of the 
lubricating base oil is preferably from 1 to 20 mm 2 /s, 
and more preferably from 2 to 10 mm 2 / s . 
(2) (A) Boron-containing ashless dispersant 

Component (A) of the lubricating oil composition 
of the present invention is a boron-containing ashless 
dispersant . 

Component (A) importantly contains boron. In the 
case where a boron-free ashless dispersant is used as 
Component (A) , it can not achieve the purposes of the 
present invention because it not only fails to inhibit 
fatigue caused by pitching or flaking but also becomes 
ineffective in anti-wear properties and oxidation 
stability even though it is used in combination with 
Components (B) and (C) described below. 

Although the boron content in Component (A) is 
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arbitrarily selected, the lower limit is preferably 0.2 
percent by mass, more preferably 0.4 percent by mass 
with the objective of excellent fatigue life and 
anti-wear properties while the upper limit is 4 percent 
by mass, more preferably 2.5 percent by mass. 

Specific examples of Component (A) include 
modified products with a born compound, such as 
nitrogen-containing compounds having at least one 
alkyl or alkenyl group having 40 to 400 carbon atoms 
per molecule and derivatives thereof. Any one or more 
kinds selected from these compounds may be blended. 

The alkyl or alkenyl group may be straight-chain 
or branched but is preferably a branched alkyl or 
alkenyl group derived from an oligomer of an olefin such 
as propylene, 1-butene, and isobutylene or a cooligomer 
of ethylene and propylene. 

Although the carbon number of the alkyl or alkenyl 
group is optional, it is preferably 40 to 400, more 
preferably 60 to 350 carbon atoms. An alkyl or alkenyl 
group having less than 40 carbon atoms would 
deteriorate the solubility of the compound in a base 
oil, while an alkyl or alkenyl group having more than 
400 carbon atoms would deteriorate the low- tempera ture 
fluidity of the resulting lubricating oil composition. 

Specific examples of the nitrogen-containing 
compound are any one or more kinds of compounds selected 
f r om : 
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(A-l) succinimides having at least one alkyl or alkenyl 

group having 40 to 4 00 carbon atoms per molecule 

or derivatives thereof; 
(A-2) benzylamines having at least one alkyl or alkenyl 

group having 40 to 400 carbon atoms per molecule 

or derivatives thereof; and 
(A-3) polyamines having at least one alkyl or alkenyl 

group having 40 to 400 carbon atoms per molecule 

or derivatives thereof. 

Specific examples of (A-l) succinimides are those 
represented by the formulas: 
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In formula (1), R 1 is an alkyl or alkenyl group 
having 40 to 4 00 , preferably 60 to 350 carbon atoms, 
and a is an integer from 1 to 5, preferably 2 to 4. 

In formula (2), R 2 and R 3 are each independently 
an alkyl or alkenyl group having 40 to 400, preferably 
60 to 350 carbon atoms, and b is an integer from 0 to 
4, preferably 1 to 3. 
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The succinimides are classified into mono-type 
succinimides wherein a succinic anhydride is added to 
one end of a polyamine as represented by formula (1) 
and bis-type succinimides wherein a succinic anhydride 
is added to both ends of a polyamine as represented by 
formula (2) . In the present invention, both types of 
the succinimides and mixtures thereof can be used as 
Component (A) . 

Specific examples of (A-2) benzylamines are 
compounds represented by the formula 

CH 2 NH-(- CH 2 CH 2 NH)^-H ( 3 ) 



In formula (3), R 4 is an alkyl or alkenyl group 
having 40 to 400, preferably 60 to 350 carbon atoms, 
and c is an integer from 1 to 5, preferably 2 to 4. 

No particular limitation is imposed on the method 
of producing the benzylamines. However, for example, 
one of the benzylamines may be produced by reacting a 
polyolef in such as propylene oligomer, polybutene, or 
ethylene- a -olefin copolymer with phenol so as to 
obtain an alkylphenol, followed by a Mannich reaction 
thereof with formaldehyde and a polyamine such as 
diethylenetriamine, triethylenetetramine, 
tetraethylenepentamine, or pent ae thy lene hex amine . 

Specific examples of (A-3) polyamines are 
compounds represented by the formula 
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H 

R 5 -N-(cH 2 CH 2 NH)jH ( 4 ) 

In formula (4), R 5 is an alkyl or alkenyl group 
having 40 to 400 , preferably 60 to 350 carbon atoms, 
and d is an integer from 1 to 5, preferably 2 to 4. 

No particular limitation is imposed on the method 
of producing the polyamines. For example, one of the 
polyamines may be produced by subjecting a polyolef in 
such as propylene oligomer, polybutene, or ethylene- 
a -olefin copolymer to chlor idi zat ion , followed by a 
reaction with ammonia or a polyamine such as 
ethylenedi amine , diet hy lenet r i amine , 
t r iethylenetet ramine , tetraethylenepentamine, or 
pentaethylenehexamine. 

Specific examples of the derivatives of the 
nitrogen-containing compound are carboxylic 
acid-modified compounds obtained by bringing any one 
of the aforesaid nitrogen-containing compounds into a 
reaction with a monoca rboxy 1 i c acid (fatty acid) having 
2 to 30 carbon atoms or a po 1 yea rboxy 1 i c acid having 
2 to 30 carbon atoms, such as oxalic acid, phthalic acid, 
trimellitic acid, or pyromellitic acid so as to 
neutralize or amidize the whole or part of the remaining 
amino and/or imino groups; sulfur-modified compounds 
obtained by bringing any one of the aforesaid 
nitrogen-containing compounds into a reaction with a 
sulfuric compound; and mixtures thereof. 
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Component (A) used in the present invention is a 
compound obtained by modifying any one of the aforesaid 
nitrogen-containing compounds or a derivative thereof 
with a boron compound. 

No particular limitation is imposed on the method 
of modifying the nitrogen compounds or derivatives 
thereof with a boron compound. Therefore, any suitable 
method may be employed. For example, any one of the 
aforesaid nitrogen compounds or derivatives thereof is 
reacted with a boron compound such as boric acid, a 
borate, or a boric acid ester so as to neutralize or 
amidize the whole or part of the amino and/or imino 
groups remaining in the nitrogen-containing 1 compound 
or derivative thereof. 

Specific examples of the boron compounds used 
herein are orthoboric acid, methaboric acid, and 
tetraboric acid. Examples of borates are alkali metal 
salts, alkaline earth metal salts, or ammonium salts 
of boric acid. More specific examples are lithium 
borate such as lithium methaborate, lithium 
tetraborate, lithium pentaborate, and lithium 
perborate, sodium borate such as sodium methaborate, 
sodium diborate, sodium tetraborate, sodium 
pentaborate, sodium hexaborate, and sodium octaborate, 
potassium borate such as potassium methaborate, 
potassium tetraborate, potassium pentaborate, 
potassium hexaborate, and potassium octaborate, 
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calcium borate such as calcium methaborate, calcium 
diborate, tricalcium tetraborate, pentacalcium 
tetraborate, and calcium hexaborate, magnesium borate 
such as magnesium methaborate, magnesium diborate, 
trimagnesium tetraborate, pent amagnes ium tetraborate, 
and magnesium hexaborate, and ammonium borate such as 
ammonium methaborate, ammonium tetraborate, ammonium 
pentaborate, and ammonium octaborate. Examples of the 
boric acid esters are esters of boric acid and an alkyl 
alcohol having 1 to 6 carbon atoms and more specifically 
monomethyl borate, dimethyl borate, trimethyl borate, 
monoethyl borate, diethyl borate, triethyl borate, 
monopropyl borate, dipropyl borate, tripropyl borate, 
monobutyl borate, dibutyl borate, and tributyl borate. 

Preferred for Component (A) are those obtained by 
modifying (A-l) succinimides having at least one alkyl 
or alkenyl group having 40 to 400 carbon atoms per 
molecule or derivatives thereof used as the aforesaid 
nitrogen-containing compounds with the aforesaid boron 
compounds; and mixtures thereof with the objective of 
improved fatigue life and anti-wear properties. 

The lower limit content of one or more kinds of 
Components (A) in the lubricating oil composition of 
the present invention is 0.004 percent by mass, 
preferably 0.005 percent by mass in terms of boron, 
based on the total mass of the composition, while the 
upper limit is 0.05 percent by mass, preferably 0.02 
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• percent by mass, more preferably 0.015 percent by mass, 
and particularly preferably 0.010 percent by mass in 
terms of boron, based on the total mass of the 
composition. Component (A) of less than the lower 
limit would be ineffective in anti-wear properties, 
while Component (A) of more than the upper limit would 
shorten the fatigue life of the resulting composition. 
(3) (B) Metal-based detergent 

Component (B) used in the present invention is an 
alkaline earth metal-based detergent. 

Component (B) has a base number of 0 to 500 mgKOH/g, 
preferably 0 to 400 mgKOH/g. Component (B) having a 
base number in excess of 500 mgKOH/g is unstable in 
structure and deteriorates the storage stability of the 
resulting oil composition. The term "base number" used 
herein denotes a base number measured by the perchloric 
acid potent iometric titration method in accordance 
with section 7 of JIS K2501 (1992) "Petroleum products 
and lubricants-Determination of neutralization 
number " . 

In the present invention, the use of Component (B) 
makes it possible to not only improve the properties 
to inhibiting fatigue caused by pitching or flaking and 
the anti-wear properties but also optimize the friction 
properties of a wet clutch and thus suppress the 
decrease in strength thereof caused by repeatedly 
applied compression . 
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Specific examples of Component (B) are any one or 
more kinds of metal-based detergents selected from: 
(B-l) alkaline earth metal sulfonates having a base 
number of 0 to 500 mgKOH/g; 

(B-2) alkaline earth metal salicylates having a base 
number of 0 to 500 mgKOH/g; and 

(B-3) alkaline earth metal phenates having a base 
number of 0 to 500 mgKOH/g. 

Specific examples of (B-l) alkaline earth metal 
sulfonates are alkaline earth metal salts, 
particularly preferably magnes ium salts and/or calcium 
salts, of an alkyl aromatic sulfonic acid obtained by 
sulfonating an alkyl aromatic compound having a 
molecular weight of 100 to 1 , 500 and preferably 200 to 
700. Specific examples of the alkyl aromatic sulfonic 
acids are petroleum sulfonic acids and synthetic 
sulfonic acids. 

Petroleum sulfonic acids may be those obtained by 
sulfonating the alkyl aromatic compound contained in 
the lubricant fraction of a mineral oil or mahogany acid 
by-produced upon production of white oil. Synthetic 
sulfonic acids may be those obtained by sulfonating an 
alkyl benzene having a straight-chain or branched alkyl 
group, which may be by-produced from a plant for 
producing an alkyl benzene used as materials of 
detergents or obtained by alkylating a polyolef in to 
benzene or by sulfonating dinonylnaphthalene. No 
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particular limitation is imposed on sulfonating agents 
used for sulfonating alkyl aromatic compounds. 
However, fuming sulfuric acids and sulfuric acid are 
generally used. 

Examples of (B-2) alkaline earth metal 
salicylates are alkaline earth metal salts, preferably 
magnesium salts and/or calcium salts, of an alkyl 
salicylic acid having at least one straight-chain or 
branched alkyl group having 4 to 30, preferably 6 to 
18 carbon atoms. 

Specific examples of (B-3) alkaline earth metal 
phenates are alkaline earth metal salts, preferably 
magnesium salts and/or calcium salts, of 
alkylphenol sul f ides obtained by reacting an 
alkylphenol having at least one straight-chain or 
branched alkyl group having 4 to 30, preferably 6 to 
18 carbon atoms with sulfur or of a Mannich reaction 
product obtained by reacting such an alkylphenol with 
formaldehyde . 

As long as Component (B), i.e., an alkaline earth 
metal sulfonate, an alkaline earth metal salicylate or 
an alkaline earth metal phenate each has a base number 
within a range of 0 to 500 mgKOH/g, it may be a neutral 
(normal) salt obtained by reacting an alkylaromatic 
sulfonic acid, an alkyl salicylic acid, an alkylphenol, 
an a 1 ky lpheno 1 s u 1 f i de , or a Mannich reaction product 
of an alkylphenol directly with an alkaline earth metal 
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base such as an oxide or hydroxide of an alkaline earth 
metal of magnesium and/or calcium or obtained by 
substituting an al kylaromat ic sulfonic acid, an alkyl 
salicylic acid, an alkylphenol, an alkylphenolsulf ide, 
or a Mannich reaction product of an alkylphenol which 
has once been converted to an alkali metal salt such 
as a sodium salt or a potassium salt, with an alkaline 
earth metal salt. Alternatively, Components (B) may 
be a basic salt obtained by heating a normal salt as 
described above with an excess amount of an alkaline 
earth metal salt or an alkaline earth metal base (a 
hydroxide or oxide of an alkaline earth metal) in the 
presence of water. Further alternatively, Component 
(B) may be an overbased salt obtained by reacting a 
normal salt as described above with a base of an alkaline 
earth metal in the presence of carbonic acid gas. 

These reactions are usually conducted in a solvent 
including an aliphatic hydrocarbon solvent such as 
hexane, an aromatic hydrocarbon solvent such as xylene, 
or a light fraction lubricating base oil. Metal-based 
detergents are commercially available in the form of 
being diluted with a light fraction lubricating base 
oil. It is preferred to use a metal-based detergent 
whose metal content is within the range of 1.0 to 20 
percent by mass, preferably 2.0 to 16 percent by mass. 

In the present invention, among the 
above-exemplified compounds, calcium sulfonate, 
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calcium salicylates, magnesium sulfonate, and 
magnesium salicylates are preferably used. However, 
calcium sulfonate is particularly preferably used 
because it can further enhance the anti-wear properties 
and fatigue life of the resulting lubricating oil 
composition . 

The lower limit content of Component (B) is 0.01 
percent by mass, preferably 0.015 percent by mass in 
terms of an alkaline earth metal, based on the total 
mass of the composition. No particular limitation is 
imposed on the upper limit of Component (B) . However, 
the upper limit is preferably 0.2 percent by mass or 
less, and particularly preferably 0.15 percent by mass 
or less, in terms of an alkaline earth metal, based on 
the total mass of the composition. Component (B) of 
less than the lower limit would be ineffective in 
inhibiting fatigue caused by pitching or flaking even 
though combined with the above described Component (A) 
and Component (C) described below, while Component (B) 
in excess of 0.2 percent by mass would deteriorate the 
oxidation stability of the resulting composition. 
(4) (C) Sulfur-based additive 

Component (C) of the lubricating oil composition 
of the present invention is a sulfur-based additive. 

Specific examples of (C) sulfur-based additive 
are any one or more kinds of sulfur-based additives 
selected from: 
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(C-l) thiazole compounds, 

(C-2) thiadiazole compounds, 

(C-3) di t hiocarbamate compounds, 

(C-4) molybdenum di thiocarbamat e compounds, 

(C-5) dihydrocarbyl polysulf ide compounds, and 

(C-6) sulfurized ester compounds. 

Preferred thiazole compounds for Component (C-l) 
are compounds represented by the formulas: 




In formulas (5) and (6), R 6 and R 7 are each 
independently hydrogen or a hydrocarbon group having 
1 to 30 carbon atoms, R 8 is an alkyl group having 1 to 
4 carbon atoms, and e, f, and g are each independently 
an integer of 0 to 3. 

Among these compounds, particularly preferred are 
benzot hia zole compounds represented by formula (6). 
Examples of the hydrocarbon group having 1 to 30 carbon 
atoms for R 6 and R 7 in formulas (5) and (6) are alkyl, 
cycloalkyl, a 1 ky 1 c y c 1 oa 1 ky 1 , alkenyl, aryl, alkylaryl, 
and arylalkyl groups. 

Specific examples of the alkyl group include 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
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octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and 
octadecyl groups, all of which may be straight-chain 
or branched. 

Specific examples of the cycloalkyl group include 
those having 5 to 7 carbon atoms, such as cyclopentyl, 
cyclohexyl, and cycloheptyl groups. 

Specific examples of the al kylcycloal kyl group 
include those having 6 to 11 carbon atoms, such as 
methylcyclopentyl, dimethylcyclopentyl, 
methylethylcyclopentyl, diethylcyclopentyl, 
methylcyclohexyl, dimethylcyclohexyl, 
methylethylcyclohexyl, diethylcyclohexyl, 
methylcycloheptyl, dimethylcycloheptyl, 

methylethylcyclohept yl , and diethylcyclohept yl groups, 
wherein the alkyl group may bond to any position of the 
cycloalkyl group. 

Specific examples of the alkenyl group include 
propenyl, butenyl, pentenyl, hexenyl, heptenyl, 
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, 
tridecenyl, tetradecenyl, pentad ecenyl, hexadecenyl, 
hep t adeceny 1 , and octadecenyl groups, all of which may 
be straight-chain or branched and the position of which 
the double bond may vary. 

Specific examples of the aryl group include phenyl 
and naphtyl groups. 

Examples of the alkylaryl groups include those 
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having 7 to 18 carbon atoms, such as tolyl, xylyl, 
ethylphenyl, propylphenyl, butylphenyl, pentylphenyl, 
hexylphenyl, heptylphenyl, octylphenyl, nonylphenyl, 
decylphenyl, undecy Ipheny 1 , and dodecy lpheny 1 groups, 
all of which the alkyl groups may be straight-chain or 
branched and may bond to any position of the aryl group. 

Specific examples of the arylalkyl group include 
those having 7 to 12 carbon atoms, such as benzyl, 
phenylethyl, pheny lpr opy 1 , phenylbutyl, pheny lpent y 1 , 
and phenylhexyl groups, all of which the alkyl groups 
may be straight-chain or branched. 

Preferred thiadiazole compounds for Component 
(C-2) are 1 , 3 , 4 -thiadia zole compounds, 

1 , 2 , 4 - thiadia zole compounds, and 1 , 4 , 5-t hiadia zole 
compounds represented by the formulas: 

N N 

9 I' II 10 

R?— S h — C C-S—R 10 (7 ) 
R— — S|—C N 

II II |2 

N C— S|— R 13 

II II l4 
N ^ s /C-S m -R 14 (9 ) 

In formulas (7), (8), and (9), R 9 , R 10 , R 1 1 , R 12 , 
R 13 , and R 14 may be the same or different from each other 
and are each independently hydrogen or a hydrocarbon 
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group having 1 to 30 carbon atoms, and h, i, j, k, 1, 
and m may be the same or different from each other and 
are each independently an integer of 0 to 8. 

Examples of the hydrocarbon group having 1 to 30 
carbon atoms for R 9 , R 10 , R 11 , R 12 , R 13 , and R 14 in formulas 
(7), (8), and (9) are alkyl, cycloalkyl, 
al ky 1 cycloal ky 1 , alkenyl, aryl, alkylaryl, and 
arylalkyl groups. 

Specific examples of the alkyl group include 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and 
octadecyl groups, all of which may be s t r a i ght - cha i n 
or branched. 

Specific examples of the cycloalkyl group include 
those having 5 to 7 carbon atoms, such as cyclopentyl, 
cyclohexyl, and cycloheptyl groups. 

Specific examples of the alkylcycloal kyl group 
include those having 6 to 11 carbon atoms, such as 
methylcyclopentyl, dimethyl cyclopentyl , 
methy lethy lcyclopent yl , diethylcyclopentyl, 
met hyl cyclohexyl , dime thy lcyclohexyl , 
met hy lethy 1 cyclohexyl , diethylcyclohexyl, 
methylcycloheptyl, dimethylcycloheptyl, 

methylethylcyclohept yl , and diethylcycloheptyl groups, 
wherein the alkyl gr\pup may bond to any position of the 
cycloalkyl group. 
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Specific examples of the alkenyl group include 
propenyl, butenyl, pentenyl, hexenyl, heptenyl, 
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, 
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, 
hept adeceny 1 , and octadecenyl groups, all of which may 
be straight-chain or branched and the position of which 
the double bond may vary. 

Specific examples of the aryl group include phenyl 
and naphtyl groups. 

Examples of the alkylaryl groups include those 
having 7 to 18 carbon atoms, such as tolyl, xylyl, 
ethylphenyl, pr opy lpheny 1 , butylphenyl, pent y lpheny 1 , 
hexylphenyl, heptylphenyl, octylphenyl, nonylphenyl, 
decylphenyl, undecy lpheny 1 , and dodecylphenyl groups, 
all of which the alkyl groups may be straight-chain or 
branched and may bond to any position of the aryl group. 

Specific examples of the arylalkyl group include 
those having 7 to 12 carbon atoms, such as benzyl, 
phenylethyl, pheny lpr opy 1 , phenylbutyl, phenylpentyl, 
and phenylhexyl groups, all of which the alkyl groups 
may be s t r a i gh t - cha i n or branched. 

Component (C-3), i.e., di t hiocarbamat e compounds 
may be any dit hiocarbamat es , but preferred are 
compounds represented by the formulas: 
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In formulas (10) and (11), R 
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are each independently a hydrocarbon group 



having 1 to 30, preferably 1 to 20 carbon atoms, R 
is hydrogen or a hydrocarbon group having 1 to 30 carbon 



having 1 to 20 carbon atoms, n is an integer of 0 to 
4, and o is an integer of 0 to 6. 

Examples of the hydrocarbon group having 1 to 30 
carbon atoms for R 15 through R 2 1 are alkyl, cycloalkyl, 
alkylcycloalkyl, alkenyl, aryl, alkylaryl, and 
arylalkyl groups. 

Specific examples of the alkyl group include 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and 
octadecyl groups, all of which may be straight-chain 
or branched. 

Specific examples of the cycloalkyl group include 
those having 5 to 7 carbon atoms, such as cyclopentyl, 
cyclohexyl, and cycloheptyl groups. 

Specific examples of the alkylcycloalkyl group 
include those having 6 to 11 carbon atoms, such as 
methylcyclopentyl, dimethylcyclopentyl, 
methylethylcyclopentyl, diethylcyclopentyl, 



atoms, preferably hydrogen or a hydrocarbon group 
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me t hy lcyclohexy 1 , dimethylcyclohexyl, 

met hy let hylcyclohexyl , diethylcyclohexyl, 

methylcycloheptyl, dime thyl eye loheptyl , 

methy le thylcyclohept y 1 , and diethy lcyclohept y 1 groups, 
wherein the alkyl group may bond to any position of the 
cycloalkyl group. 

Specific examples of the alkenyl group include 
propenyl, butenyl, pentenyl, hexenyl, heptenyl, 
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, 
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, 
heptadecenyl, and octadecenyl groups, all of which may 
be straight-chain or branched and the position of which 
the double bond may vary. 

Specific examples of the aryl group include phenyl 
and naphtyl groups. 

Examples of the alkylaryl groups include those 
having 7 to 18 carbon atoms, such as tolyl, xylyl, 
ethylphenyl, propy lpheny 1 , butylph enyl, pent y lpheny 1 , 
hexylphenyl, heptylphenyl, octylphenyl, nonylphenyl, 
decylphenyl, undecy lpheny 1 , and dodecy lpheny 1 groups, 
all of which the alkyl groups may be straight-chain or 
branched and may bond to any position of the aryl group. 

Specific examples of the arylalkyl group include 
those having 7 to 12 carbon atoms, such as benzyl, 
phenylethyl, phenyl propyl, phenylbutyl, phenylpentyl, 
and phenylhexyl groups, all of which the alkyl groups 
may be straight-chain or branched. 
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Component (C-4), i.e., molybdenum 
dithiocarbamat e compounds may be any molybdenum 
di thiocarbamat es which can be used as additives for 
lubricating oils, but particularly preferred are 
compounds represented by the formula: 



R 2 \ //I'XliX x 4 , , 



In formula (12), R 22 , R 23 , R 24 , and R 25 are each 
independently a hydrocarbon group having 2 to 18 carbon 
atoms, such as an alkyl or alkylaryl group, and Y 1 , Y 2 , 
Y 3 , and Y 4 are each independently sulfur or oxygen. 

The alkyl group referred herein includes primary, 
secondary and tertiary alkyl groups and may be 
straight-chain or branched. Specific examples of the 
preferred alkyl group are ethyl, propyl, butyl, pentyl, 
hexyl, octyl, decyl, dodecyl, and tridecyl, all of 
which may be s t r a i gh t - cha i n or branched. Specific 
examples of the preferred alkylaryl group are 
butylphenyl and nonylphenyl, all of which may be 
straight-chain or branched. 

Specific examples of (C-4) molybdenum 
dithiocarbamat e compounds are sulfurized molybdenum 
diethyldithiocarbamate, sulfurized molybdenum 
di pr opy 1 di t hi o carbamate , sulfurized molybdenum 
dibut yldi thiocarbamat e , sulfurized molybdenum 
dipen t y ldi t hi oca r bama te, sulfurized molybdenum 
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dihexy ldi t hi oca rbama t e , sulfurized molybdenum 
dioct y ldi t hiocarbama t e , sulfurized molybdenum 
didecyldithiocarbamate, sulfurized mol ybdenum 
didodecyldithiocarbamate, sulfurized molybdenum 
di tr idee y ldi t hi oca rbama te , sulfurized molybdenum 
di (butylphenyl) dithiocarbamate, sulfurized 
molybdenum di (nonylphenyl) dithiocarbamate , 
sulfurized ox ymo 1 ybdenum diethyldithiocarbamate, 
sulfurized ox ymo 1 ybdenum dipropyl dithiocarbamate , 
sulfurized ox ymo 1 ybdenum dibut y ldi t hi oca rbama te , 
sulfurized oxymol ybdenum. dipentyldithiocarbamate, 
sulfurized o x ymo 1 ybdenum dihexyldithiocarbamate, 
sulfurized ox ymo 1 ybdenum dioc t y 1 di t hi oca rbama t e , 
sulfurized oxymol ybdenum didecyldi th i oca rbama te , 
sulfurized oxymol ybdenum didodecyldithiocarbamate, 
sulfurized oxymol ybdenum ditridecyldithiocarbamate, 
sulfurized oxymol ybdenum 

di (butylphenyl) dithiocarbamate, sulfurized 
oxymol ybdenum di ( nonylphenyl ) dithiocarbamate , all of 
which the alkyl groups may be straight-chain or 
branched, and mixtures thereof. 

Any one or more kinds of (C-4) components may be 
blended . 

(C-5) dihydrocarby 1 polysulf ides are 
sulfur-based compounds generally so-called 
polysulf ides or olefin sulfides and represented by the 
f o rmu 1 a 
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R 26 -S p -R 27 (13) 

In formula (13) , R 26 and R 27 are each independently 
a straight-chain or branched alkyl group having 3 to 
20 carbon atoms, an aryl group having 6 to 20 carbon 
atoms, an alkylaryl group having 7 to 20 carbon atoms , 
or an arylalkyl group having 7 to 20 carbon atoms, and 
p is an integer of 2 to 6, preferably 2 to 5. 

Examples of the alkyl group for R 26 and R 27 include 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 
tert-butyl, straight-chain or branched pentyl, 
straight-chain or branched hexyl, straight-chain or 
branched heptyl, straight-chain or branched octyl, 
straight-chain or branched nonyl, straight-chain or 
branched decyl, straight-chain or branched undecyl, 
straight-chain or branched dodecyl, straight-chain or 
branched tridecyl, straight-chain or branched 
tetradecyl, straight-chain or branched pentadecyl, 
straight-chain or branched hexadecyl, straight-chain 
or branched heptadecyl, straight-chain or branched 
octadecyl, s t r a i ght - cha in or branched nonadecyl, and 
straight-chain or branched eicosyl groups. 

Examples of the aryl group for R 26 and R 27 include 
phenyl and naphthyl groups. 

Examples of the alkylaryl group for R 2 6 and R 27 
include tolyl (inclusive all structural isomers), 
ethylphenyl (inclusive all structural isomers), 
straight-chain or branched propylphenyl (inclusive all 
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structural isomers), straight-chain or branched 
butylphenyl (inclusive all structural isomers), 
straight-chain or branched pentylphenyl ( inclusive all 
structural isomers), straight-chain or branched 
hexylphenyl (inclusive all structural isomers), 
straight-chain or branched heptylphenyl (inclusive all 
structural isomers), straight-chain or branched 
octylphenyl (inclusive all structural isomers), 
straight-chain or branched nonylphenyl (inclusive all 
structural isomers), straight-chain or branched 
decylphenyl (inclusive all structural isomers), 
straight-chain or branched undecy lpheny 1 (inclusive 
all structural isomers), s t r a i ght - cha i n or branched 
dodecy lpheny 1 (inclusive all structural isomers), 
xylyl (inclusive all structural isomers), 
et hylme thy lpheny 1 group (inclusive all structural 
isomers), diet hylpheny 1 (inclusive all structural 
isomers) , di ( s t r a i gh t - cha i n or br anched ) propy lpheny 1 
(inclusive all structural isomers), di ( straight-chain 
or br anched ) but y lpheny 1 (inclusive all structural 
isomers), methylnapht yl (inclusive all structural 
isomers), ethylnaphtyl (inclusive all structural 
isomers), s t r a i gh t -cha i n or branched propylnapht y 1 
(inclusive all structural isomers), s t r a i gh t - cha i n or 
branched butylnaphtyl (inclusive all structural 
isomers), dime thy lnaphtyl (inclusive all structural 
isomers), et hylmet hy lnapht yl (inclusive all 
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structural isomers) , diethylnapht yl (inclusive all 
structural isomers), di ( straight-chain or 
branched) propy lnapht y 1 (inclusive all structural 
isomers) , and di ( straight-chain or 
branched ) but y lnapht yl groups (inclusive all 
structural isomers) . 

Examples of the arylalkyl groups for R 26 and R 27 
include benzyl, phenylethyl ( inclusive all isomers), 
and phenylpropyl (inclusive all isomers) . 

R 26 and R 27 each are preferably an alkyl group 
having 3 to 18 carbon atoms derived from propylene, 
1-butene, or isobutylene, an aryl group having 6 to 8 
carbon atoms, an alkylaryl group having 7 or 8 carbon 
atoms, or an arylalkyl group having 7 or 8 carbon atoms. 

Specific examples of such an alkyl group include 
isopropyl, branched hexyl derived from a propylene 
dimmer (inclusive all branched isomers), branched 
nonyl derived from a propylene trimer (inclusive all 
branched isomers), branched dodecyl derived from a 
propylene tetramer (inclusive all branched isomers), 
branched pentadecyl derived from a propylene pentamer 
(inclusive all branched isomers), branched octadecyl 
derived from a propylene hexamer (inclusive all 
branched isomers), sec-butyl, tert-butyl, branched 
octyl derived from a 1-butene dimmer (inclusive all 
branched isomers), branched octyl derived from an 
isobutylene dimmer (inclusive all branched isomers), 
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branched dodecyl derived from a 1-butene trimer 
(inclusive all branched isomers), branched dodecyl 
derived from an isobutylene trimer (inclusive all 
branched isomers), branched hexadecyl derived from a 
1-butene tetramer (inclusive all branched isomers), 
and branched hexadecyl derived from an isobutylene 
tetramer (inclusive all branched isomers). Specific 
examples of such an aryl groups include phenyl group. 
Specific examples of such alkylaryl groups are tolyl 
(inclusive all structural isomers), ethylphenyl 
(inclusive all structural isomers), and xylyl 
(inclusive all structural isomers). Specific 
examples of such an arylalkyl group are benzyl and 
phenetyl (inclusive all structural isomers) . 

R 26 and R 27 are each independently preferably a 
branched alkyl group having 3 to 18 carbon atoms, 
derived from ethylene or propylene, particularly 
preferably a branched alkyl group having 6 to 15 carbon 
atoms, derived from ethylene or propylene with the 
objective of excellent anti-flaking properties and 
anti-seizuring properties. 

No particular limitation is imposed on the sulfur 
content of (C-5) d i hy dr oca r b y lpo 1 y s u 1 f i de compounds. 
However, preferred are those containing sulfur in an 
amount of generally 10 to 55 percent by mass, preferably 
20 to 50 percent by mass with the objective of 
anti-flaking properties and anti-seizuring 



-29- 



properties . 

Specific examples of (C-6) sulfurized ester 
compounds include animal or vegetable fatty oils such 
as beef tallow, lard, fish oil, rape oil, or soybean 
oil; unsaturated fatty acid esters obtained by reacting 
an unsaturated fatty acid such as oleic acid, linoleic 
acid, or fatty acids extracted from the aforesaid 
animal or vegetable fatty oils with various alcohols; 
and those obtained by sulfurizing the mixtures thereof. 

No particular limitation is imposed on the sulfur 
content of (C-6) sulfurized ester compounds. However, 
preferred are those containing sulfur in an amount of 
generally 2 to 40 percent by mass, preferably 5 to 35 
percent by mass with the objective of anti-f laking 
properties and an t i - s e i z u r i ng properties. 

Any one or more compounds selected from (C-l), 
(C-2), (C-3), (C-4), (C-5), and (C-6) compounds may be 
used as Component (C) of the lubricating oil 
compositions of the present invention. 

The lower limit content of Component (C) is 0.01 
percent by mass, preferably 0.02 percent by mass in 
terms of sulfur, based on the total mass of the 
lubricating oil composition, while the upper limit 
content is 0.3 percent by mass, preferably 0.2 percent 
by mass in terms of sulfur, based on the total mass of 
the lubricating oil composition. Component (C) of less 
than the lower limit content would be ineffective in 
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inhibiting pitching or flaking, while Component (C) of 
more than the upper limit would deteriorate the 
oxidation stability of the resulting lubricating oil 
composition and be reduced in anti-wear properties due 
to wear caused by corrosion. 
(5) Other additives 

The lubricating oil composition of the present 
invention may be blended with known additives for the 
purpose of further enhancing its functions as a 
lubricating oil. Examples of such additives are (D) 
boron-free ashless dispersants, (E) friction modifiers, 
(F) oxidation inhibitors, (G) boron-based extreme 
pressure additives, (H) wear inhibitors, (I) viscosity 
index improvers, (J) rust preventives, (K) corrosion 
inhibitors, (L) pour-point depressants, ( M ) rubber 
swelling agents, (N) antifoamers, and (0) coloring 
agents. These additives may be used singlely or in 
combination . 

(D) Boron-free ashless dispersants 

Specific examples of boron-free ashless 
dispersants which may be blended with a lubricating oil 
composition of the present invention are ashless 
dispersants prior to the modification with a boron 
compound as described with respect to Component (A) . 
In the present invention, one or more kinds of compounds 
selected from such ashless dispersants may be blended 
in an arbitrary amount. The content of boron-free 
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ashless dispersants is preferably from 0.1 to 10 
percent by mass, based on the total mass of the 
lubricating oil composition. 
(E) Friction modifiers 

Friction modifiers which may be used in 
combination with the lubricating oil composition of the 
present invention are any conventional compounds which 
have been used as friction modifiers for lubricating 
oils and include amine compounds, fatty acid esters/ 
fatty acid amides, and fatty acid metal salts, each of 
which have at least one alkyl or alkenyl group having 
6 to 30 carbon atoms, preferably straight-chain alkyl 
or alkenyl group having 6 to 30 carbon atoms per 
molecul e . 

Examples of the amine compounds include 
straight-chain or branched, preferably straight-chain 
aliphatic monoamines having 6 to 30 carbon atoms, 
straight-chain or branched, preferably straight-chain 
aliphatic polyamines having 6 to 30 carbon atoms, and 
al kyleneoxide adducts of these aliphatic amines. 
Examples of the fatty acid esters include esters of 
straight-chain or branched, preferably straight-chain 
fatty acids having 7 to 31 carbon atoms and aliphatic 
monohydric alcohols or aliphatic polyhydric alcohols. 
Examples of the fatty acid amides include amides of 
straight-chain or branched, preferably s t r a i g h t - cha i n 
fatty acids having 7 to 31 carbon atoms and aliphatic 
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monoamines or aliphatic polyamines. Examples of the 
fatty acid metal salts include alkaline earth metal 
salts (magnesium salts and calcium salts) or zinc salts 
of straight-chain or branched, preferably 
straight-chain fatty acids having 7 to 31 carbon atoms. 

In the present invention, any one or more kinds 
of compounds selected from such friction modifiers may 
be blended in an arbitrary amount. The content of the 
friction modifiers is from 0.01 to 5.0 percent by mass, 
preferably from 0.03 to 3.0 percent by mass, based on 
the total mass of the lubricating oil composition. 
(F) Oxidation inhibitors 

Oxidation inhibitors which may be used in 
combination with the lubricating oil compositions of 
the present invention may be any conventional ones such 
as phenol-based compounds or amine-based compounds 
which are usually used as oxidation inhibitors in a 
lubricating oil. 

Specific examples of the oxidation inhibitors are 
alkylphenols such as 2 - 6 - di - 1 e r t -bu t y 1 - 4 -me t hy lpheno 1 , 
bisphenols such as 

methylene-4, 4-bisphenol (2, 6-di-tert-butyl-4- 
me t hy Iphenol ) , napht ylamines such as phenyl- a 
-naphtylamine, dialkyldiphenylamines, zinc 
dial kyldi thiophosphates such as zinc 
di-2-ethylhexyldithiophosphate, and esters of 
(3, 5-di-tert-butyl-4-hydroxyphenyl) fatty acid such as 
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propionic acid and monohydric or polyhydric alcohols 
such as methanol, octadecanol, 1, 6-hexanediol, 
neopentyl glycol, thiodiet hy lene glycol, triethylene 
glycol, and pent aery thr it ol . 

Any one or more compounds selected from the 
above-described oxidation inhibitors may be blended in 
an arbitrary amount. The content of the oxidation 
inhibitors is generally from 0.01 to 5.0 percent by mass , 
based on the total mass of the lubricating oil 
composition . 

(G) Boron-based extreme pressure additives 

Boron-based extreme pressure additives which may 
be used in combination with the lubricating oil 
compositions of the present invention may be an alkali 
metal borate or a hydrate thereof. Specific examples 
of boron-based extreme pressure additives are lithium 
borate hydrate, sodium borate hydrate, potassium 
borate hydrate, rubidium borate hydrate, and cesium 
borate hydrate. Particularly preferred is potassium 
borate hydrate. 

For example, these alkali metal borates can be 
obtained in the form of a fine pa r t i c 1 e - 1 i ke dispersant 
of potassium borate hydrate or sodium borate hydrate 
obtained by dissolving potassium hydroxide or sodium 
hydroxide and boric acid in water such that the atomic 
ratio of boron and an alkali metal (potassium, sodium, 
or the like) is within the range of 2.0 to 4.5, adding 
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the resulting solution to an oil solution containing 
a neutral alkaline earth metal sulfonate or a 
succinimide-based ashless dispersant, followed by 
stirring vigorously so as to obtain an oil in water 
emulsion, and dehydrating the emulsion. 

One or more kinds of compounds selected from the 
aforesaid compounds may be blended in an arbitrary 
amount. However, the content of these compounds is 
from 0.002 to 0.1 percent by mass in terms of boron, 
based on the total mass of the composition. 
(H) Wear inhibitors 

Examples of wear inhibitors which may be used in 
combination with the lubricating oil compositions of 
the present invention include zinc 
dialkyldithiophosphates, phosphoric acid, 
monophosphates, diphosphates, triphosphates, metal 
salts or amine salts of phosphoric acid, monophosphates, 
and diphosphates, and mixtures thereof. 

Among these wear inhibitors, those other than 
phosphoric acid are generally compounds containing a 
hydrocarbon group having 2 to 30, preferably 3 to 20 
carbon atoms . 

The content of the wear inhibitors is preferably 
from 0.005 to 0.2 percent by mass in terms of phosphorus, 
based on the total mass of the lubricating oil 
composition. A content of less than 0.005 percent by 
mass in terms of phosphorus would be less effective in 
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wear resistance, while a content of more than 0.2 
percent by mass would deteriorate the oxidation 
stability of the resulting lubricating oil 
composition . 

(I) Viscosity index improvers 

Viscosity index improvers which may be used in 
combination with the lubricating oil compositions of 
the present invention may be non di spers ion- type 
viscosity index improvers such as polymers or 
copolymers of one or more monomers selected from 
various methacrylates or hydrides thereof and 
dispersion-type viscosity index improvers such as 
copolymers of methacrylates and various methacrylates 
further containing nitrogen compounds. 

Another examples of viscosity index improvers are 
non dispersion- or dispersion- type ethylene- a -olef in 
copolymers wherein the a -olefin may be propylene, 
1-butene, or 1-pentene, or the hydrides thereof, 
polyisobutylenes or the hydrogenated products thereof, 
styrene-diene hydrogenated copolymers , 
st yrene-maleate anhydride copolymers, and 
polyalkylstyrenes . 

It is necessary . to select the molecular weight of 
these viscosity index improvers considering the shear 
stability thereof. Specifically, the number-average 
molecular weight of non-dispersion or dispersion type 
pol yme thacry la t es is preferably from 5,000 to 150,000, 



-36- 



and more preferably from 5,000 to 35,000. The 
number-average molecular weight of polyisobut ylenes or 
hydrides thereof is from 800 to 5,000, preferably from 
1 , 000 to 4 , 000. Ethylene- a -olefin copolymers and 
hydrides thereof each have a number-average molecular 
weight of from 800 to 150,000, preferably from 3,000 
to 12,000. 

Among these viscosity index improvers, the use of 
ethylene- a -olefin copolymers or hydrides thereof is 
contributive to the production of a lubricating oil 
composition which is excellent in particularly shear 
stability . 

Any one or more compounds selected from the 
above-described viscosity index improvers may be 
blended in an arbitrary amount. The content of the 
viscosity index improvers is generally from 0.1 to 40.0 
percent by mass, based on the total mass of the 
lubricating oil composition. 
(J) Rust preventives 

Examples of rust preventives include alkenyl 
succinic acids, alkenyl succinic acid esters, 
polyhydric alcohol esters, petroleum sulfonates, and 
dinonylnaphthalenesulfonate . 
(K) Corrosion inhibitors 

Corrosion inhibitors which may be used in 
combination with the lubricating oil composition of the 
present invention may be any compounds which have been 
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usually used as corrosion inhibitors for lubricating 
oils. Examples of the corrosion inhibitors include 
benzotriazole-, tolylt r ia zole- , thiadiazole-, and 
imidazole-based compounds . 
(L) Pour-point depresants 

Examples of pour-point depressants are 
polymethacr yla t e-based polymers, which are adaptable 
to a lubricating base oil to be used. 
(M) Rubber swelling agents 

Examples of rubber swelling agents include 
aromatic compounds and sulfur-based compounds. 
(N) Antifoamers 

Examples of antifoamers are silicones such as 
dimethylsilicone and fluorosilicone. 

In the present invention, the contents of these 
additives may be arbitrarily selected. However, in 
general, the content of each of the rust preventives, 
corrosion inhibitors, pour-point depressants, and 
rubber swelling agents is from 0.005 to 3 percent by 
mass, based on the total mass of the composition. The 
content of the antifoamers is from 0.0005 to 0.01 
percent by mass, based on the total mass of the 
composit ion . 

(6) Viscosity of final product 

The lubricating oil compositions of the present 
invention have a kinematic viscosity at 100°C of 
preferably 4 to 30 mm 2 /s, more preferably 5 to 25 mm 2 /s. 
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The lubricating oil compositions of the present 
invention are excellent in anti-wear properties and 
pitching and flaking inhibiting properties, leading to 
a long fatigue life and thus are suitably applicable 
as lubricating oils which are required to have such 
properties, such as gear oils for automobiles, 
construction machinery, and agriculture machinery, and 
lubricating oils for automatic or manual transmissions. 
Alternatively, the lubricating oil compositions of the 
present invention are also applicable as gear oils for 
industrial use; lubricating oils for gasoline engines, 
diesel engines, and gas engines of automobiles such as 
two or four wheel vehicles, electric generators, and 
vessels; turbine oils; and compressor oils. 

[Best mode for carrying out the invention] 

The present invention will be further described 
in more detail with reference to the following examples 
and comparative examples but are not limited thereto. 

(Examples 1 to 15 and Comparative Examples 1 to 8) 

Various lubricating oil compositions (Examples in 
Tables 1-1, 1-2, and 1-3 and Comparative Examples in 
Tables 2-1 and 2-2) were prepared by adding various 
additives shown in Tables to a base oil (mineral oil 
having a kinematic viscosity at 100 °C of 3.8 mm 2 /s) . 
The amount of each additives was on the basis of total 
mass of the composition. 

Each of the various lubricating oil compositions 
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was evaluated by (1) wear inhibition test and (2) 
fatigue life test. The results of these evaluation 
tests are also shown in each table. For the comparison, 
commercially available lubricating oil compositions 
(Comparative Examples 6 to 8 in Table 2-2) were 
evaluated by the same test. The results are also shown 
in Table 2-2 . 

(1) Anti-wear property test 

The anti-wear properties of each composition was 

evaluated using an 1AE gear oil tester in the manner 

described below. The weight of the gear before and 

after the wear test was measured. The decrease of the 

weight was evaluated as the criterion. 

( Run-in conditions) 

Oil temperature: 80 °C 

Number of revolutions: 2,500 rpm 
Load: 380 N 

Test time: 20 minutes 

(Actual test conditions) 

Oil temperature: 80 °C 

Number of revolutions: 3,000 rpm 
Load: 380 N 

Test time: 120 minutes 

(Evaluation criterion) 

When a commercially available automatic 

transmission oil or gear oil is used, the amount of wear 

is in the range of 0 to 100 mg . Therefore, if the amount 
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of wear is 100 mg or less, the composition was evaluated 
as being excellent in anti-wear properties. 
(2) Fatigue life test 

The fatigue life of each of the compositions was 
evaluated using a two cylinder-type fatigue tester in 
the following manner. 
(Cylinder) 

Material : SCM4 36 

Shape : O 68 mm x 10 mm 

Hardness: SB3000 to 340 
(Test conditions) 

Peripheral velocity: driving side: 12 m/s, 

driven side: 10 m/s 

Oil temperature: 60 °C 

Surface pressure: 12 MPa 

(Evaluation criterion) 

Time consumed until surface damages such as 
pitching appear was evaluated as fatigue life. If the 
fatigue life of the composition is 50 hours or longer, 
the composition was evaluated as having a long fatigue 
lif e . 
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Table 1-1 





Examples 


1 


2 


3 


4 


5 ; 


Base oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Additives 

(A) Boron-containing ashless dispersant mass% [in terms of B] 
Boric acid-modified succinimide 


0.008 


0.008 


0.008 


0.008 


0.008 


(B) Alkaline earth metal detergent mass% 

[in terms of Ca or Mg] 

Calcium sulfonate (300BN) 
Calcium sulfonate (10BN) 
Calcium salicylate (100BN) 
Magnecium sulfonate (200BN) 


0.02 


0.02 


0.02 


0.02 


0.02 


(C) Sulfur-based additives mass% 
ThiadiazoleA(*1) 
i maaiazoie d ( z.) 
Dithiocarbamate A (*3) 
Dithiocarbamate B (*4) 
Molybdenum dithiocarbamate (*5) 
Dihydrocarbyl polysulfide (*6) 
Sulfurized fatty acid (*7) 


0.2 


0.2 


0.2 


0.2 


0.2 


Other Additives (*8) mass% 


L 150 


15.0 


15.0 


15.0 


15.0 


Test results 

Anti-wear property (IAE gear test) 

Weight loss by wear mg 


28 


11 


30 


22 


16 


Fatigue life (Two cyclinder-type tester) 
Fatigue life h 


97 


I 103 


108 


96 


>120 



(*1) 2,5-bis(octyldithio)-1 ,3,4-thiadiazole 



(*2) 2-hexyldithio-5-mercapto-1 ,3,4-thiadiazole 
(*3) methylene bis(dipentyldithiocarbamate) 
(*4) bis(dipentyldithiocarbamoyl)disulfide 

(*5) molybdenum dithiocarbamate compound represented by the following fomula, 
molybdenum content: 4.8% by mass 

\ sf ll Y X\ / R 

N — C Mo Mo X — N 

wherein R is an alkyl group having 8 or 13 carbon atoms and Y is oxygen or sulfur. 
(*6) sulfurized polyisobutylene, sulfur content: 45% by mass 
(*7) sulfurized lard, sulfur content: 30% by mass 
(*8) (D) boron-free succinimide-based ashless dispersant 

(E) amine- and ester-based friction modifers 

(F) amine- and phenol-based oxidation inhibitors 

(H) phosphorus-based wear inhibitor 

(I) polymethacrylate-based viscosity index improver 
(L) polymethacrylate-based pour-point depressant 
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Examples 


6 


7 


8 


9 


10 


Base oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Additives 

(A) Boron-containing ashless dispersant mass% [in terms of B] 
Boric acid-modified succinimide 


0.008 


0.008 


0.008 


0.008 


0.008 


(B) Alkaline earth metal detergent mass% 

[in terms of Ca or Mg] 

Calcium sulfonate (300BN) 
Calcium sulfonate (10BN) 
Calcium salicylate (100BN) 
Magnecium sulfonate (200BN) 


0.02 


0.02 


0.02 


0.06 


0.02 


(C) Sulfur-based additives mass% 
ThiadiazoleA(*1) 
Thiadiazole B (*2) 
Dithiocarbamate A (*3) 
Dithiocarbamate B (*4) 
Molybdenum dithiocarbamate (*5) 
Dihydrocarbyl polysulfide (*6) 
Sulfurized fatty acid (*7) 


0.2 


0.2 


0.06 


0.2 


0.2 


Other Additives (*8) mass% 


15.0 


15.0 


15.0 


15.0 


L 150 


Test results 

Anti-wear property (IAE gear test) 

Weight loss by wear mg 


18 


72 


34 


33 


22 


Fatigue life (Two cyclinder-type tester) 
Fatigue life h 


105 


>120 


>120 


>120 


>120 



(*1)-(*8) are the same as those in Table 1-1 



-43- 



Table 1-3 





Examples 


11 ! 


12 


13 


14 


Base oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Additives 

(A) Boron-containing ashless dispersant mass% [in terms of B] 
Boric acid-modified succinimide 


0.008 


0.008 


0.012 


0.018 


(B) Alkaline earth metal detergent mass% 

[in terms of Ca or Mg] 

Calcium sulfonate (300BN) 
Calcium sulfonate (10BN) 
Calcium salicylate (100BN) 
Magnecium sulfonate (200BN) 


0.02 


0.02 


0.02 


0.06 


(C) Sulfur-based additives mass% 
ThiadiazoleA(*1) 
Thiadiazole B (*2) 
Dithiocarbamate A (*3) 
Dithiocarbamate B (*4) 
Molybdenum dithiocarbamate (*5) 
Dihydrocarbyl polysulfide (*6) 
Sulfurized fatty acid (*7) 


0.2 


0.2 


0.2 


0.2 


Other Additives (*8) mass% 


I 150 


15.0 


15.0 


15.0 


Test results 

Anti-wear property (IAE gear test) 

Weight loss by wear mg 


41 


32 


6 


5 


Fatigue life (Two cyclinder-type tester) 
Fatigue life h 


87 


91 


84 


78 



(*1)-(*8) are the same as those in Table 1-1 
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Table 2-1 





Comparative examples 


1 


2 


3 


4 


Base oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Mineral 
oil 


Additives 

(A) Boron-containing ashless dispersant mass% [in terms of B] 
Boric acid-modified succinimide 


0.001 


0.008 


0.008 


0.008 


(B) Alkaline earth metal detergent mass% 

[in terms of Ca or Mg] 

Calcium sulfonate (300BN) 
Calcium sulfonate (10BN) 
Calcium salicylate (100BN) 
Magnecium sulfonate (200BN) 


0.02 


0.004 


0.004 


0.02 


(C) Sulfur-based additives mass% 
ThiadiazoleA(*1) 
| Thiadiazole B (*2) 

Dithiocarbamate A (*3) 
Dithiocarbamate B (*4) 
Molybdenum dithiocarbamate (*5) 
Dihydrocarbyl polysulfide (*6) 
Sulfurized fatty acid (*7) 


0.1 


0.1 


0.1 




Other Additives (*8) mass% 


15.0 


! 15.0 


15.0 


15.0 


Test results 

Anti-wear property (IAE gear test) 

Weight loss by wear mg 


133 


58 


18 


21 


Fatigue life (Two cyclinder-type tester) 
Fatigue life h 


>120 


42 


22 


11 



(*1)-(*8) are the same as those in Table 1-1 
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Table 2-2 





Comparative examples 


5 


6 


7 


8 


Base oil 


Mineral 
oil 


commercially 

available 
SP-based 
gear oil 
API 
GL-5 


commercially 

available 
SP-based 
gear oil 
API 
GL-3 


commercially 
available 

ATF 
Dexron m 

type 


Additives { 
(A) Boron-containing ashless dispersant mass% [in terms of B] 
Boric acid-modified succinimide 


0.008 


(B) Alkaline earth metal detergent mass% 

[in terms of Ca or Mg] 

Calcium sulfonate (300BN) 
Calcium sulfonate (10BN) 
Calcium salicylate (100BN) 
Magnecium sulfonate (200BN) 


0.02 


(C) Sulfur-based additives mass% 
Thiadiazole A(*1) 
Thiadiazole B (*2) 
Dithiocarbamate A (*3) 
Dithiocarbamate B (*4) 
Molybdenum dithiocarbamate (*5) 
Dihydrocarbyl polysulfide (*6) 
Sulfurized fatty acid (*7) 


1.0 


Other Additives (*8) mass% 


L 150 


Test results 

Anti-wear property (IAE gear test) 

Weight loss by wear mg 


219 


! 3 


5 


22 


Fatigue life (Two cyclinder-type tester) 
Fatigue life h 


52 


6 


19 


29 



(*1)-(*8) are the same as those in Table 1-1 



As apparent from the results shown in Tables 1-1, 
1-2, and 1-3, the lubricating oil compositions of the 
present invention (Examples 1 to 14) had excellent 
properties such as excellent anti-wear properties and 
a long fatigue life. 

Whereas, as apparent from the results shown in 
Tables 2-1 and 2-2, the compositions of Comparative 
Examples 1 and 5 the former of which contained Component 
(A) in an amount less than that as defined by the present 
invention and the latter of which contained Component 
(C) in an amount more than that as defined by the present 
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invention were poor in anti-wear properties. The 
compositions of Comparative Examples 2, 3 and 4 whose 
content of Component (B) or (C) was less than that as 
defined by the present invention had a short fatigue 
life due to pitching. 

Most common commercially available gear oils 
(SP-based gear oils) of Comparative Examples 6 and 7 
and a common commercially available automatic 
transmission oil of Comparative Example 8 had a short 
fatigue life . 

[Applicability in the industries] 

As described above, the lubricating oil 
compositions of the present invention are excellent in 
anti-wear properties and can be extended in fatigue 
life by inhibiting pitching or flaking. Therefore, the 
lubricating oil compositions are suitably applicable 
as lubricating oils which are required to have such 
properties, such as gear oils for automobiles, 
construction machinery, and agriculture machinery, and 
lubricating oils for automatic or manual transmissions. 
Alternatively, the lubricating oil compositions of the 
present invention are also applicable as gear oils for 
industrial use; lubricating oils for gasoline engines, 
diesel engines, and gas engines of automobiles such as 
two or four wheel vehicles, electric generators, and 
vessels; turbine oils; and compressor oils. 
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